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(54) METHOD OF PRODUCING ALUMINUM FLAKE PIGMENT&comma; ALUMINUM FLAKE 
PIGMENT PRODUCED BY THE METHOD&comma; GRINDING MEDIA FOR USE IN THE 
METHOD 



(57) In order to provide a method of manufacturing 
an aluminum flake pigment having a small mean particle 
size as well as high brightness, a method of manufac- 
turing an aluminum flake pigment including a step of 
flaking aluminum powder in an organic solvent with a 
grinder having grinding media, which grinding media 



contain steel ball grinding media formed by spherical 
media consisting of a material including steel and having 
diameters in the range of 0.3 mm to 1 .0 mm, is provided. 
The mean particle size (D50aj) of this aluminum powder 
is preferably in the range of 1 .0 to 1 0.O urn. Further, this 
grinder is preferably a ball mill. 
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Description 

Technical Field 

5 [0001] The present invention relates to an aluminum flake pigment employed for a high-quality metallic paint or the 
like and a method of manufacturing the same. More detailedly, the present invention relates to an aluminum flake 
pigment having extremely high brightness and denseness employed for a high-quality metallic paint composition used 
for automotive finish and parts, an industrial machine, furniture, a household appliance or the like, a high-quality metallic 
ink composition used for gravure printing, offset printing or the like and a metallic compound plastic resin composition 

10 and a method of manufacturing the same. 

[0002] The present invention also relates to grinding media used in the aforementioned method of manufacturing 
the aluminum flake pigment. 

Background Technique 

15 

[0003] An aluminum flake pigment is used in wide-ranging fields as a metallic pigment contained in a paint compo- 
sition, an ink composition or a resin composition. 

[0004] In general, the aluminum flake pigment is obtained by wet-milling aluminum powder serving as a raw material 
and a grinding lubricant an organic solvent with a pulverizer such as a ball mill or an attriter having grinding media 
20 thereby flaking the aluminum powder 

[0005] The metallic effect of a paint film mainly depends on the shape, the surface smoothness, the mean particle 
size, the particle size distribution, the average thickness, the thickness distribution, the aspect ratio etc. of the aluminum 
flake pigment, which are adjusted by a combination of the characteristics of the raw aluminum powder and grinding 
conditions. 

25 [0006] While the metallic effect is visually recognized as the combination of brightness, lightness, sparkling effect 
and the like, there has generally been a strong tendency among demanders to desire a paint film having high brightness. 
In general, the brightness of the paint film and the mean particle size of the aluminum flake pigment are so correlative 
with each other that the brightness is increased as the mean particle size is increased. 

[0007] If the aluminum flake pigment has a large mean particle size, however, the orientation of the aluminum flake 
30 pigment tends to be irregular in formation of the paint film, the aluminum flake pigment may protrude from the paint 
film to give seeding on the surface of the paint film, and the paint film may excessively glitter to result in an unpref erable 
design. 

[0008] Therefore, development of an aluminum flake pigment having a small mean particle size as well as high 
brightness is desired, and development efforts are made in various scenes. 

35 [0009] For example, Japanese Patent Laying-Open No. 8-1 70034 discloses that it is possible to provide a paint film 
simultaneously with strong brightness and an excellent appearance by a metallic pigment composition containing (A) 
100 parts by solid weight of film-forming resin and (B) 0.1 to 30 parts by weight of an aluminum flake pigment having 
a mean particle size (D50) in the range of 20 ± 5 ujn, an average particle thickness (t) in the range of 0.5 to 1 pm and 
a gradient (n) of at least 2.7 in a Rosin-Ramniler diagram. 

40 [001 0] Further, Japanese Patent Laying-Open No. 1 1 -1 52423 discloses an aluminum flake pigment exhibiting high 
brightness and excellent circulation resistance, having an average aluminum flake thickness (t) in the range of 0.2 to 
0.7 iim, a mean particle size (D50) in the range of 4 to 20 um, an aspect ratio (D50A) in the range of 1 5 to 50 and an 
uniformity index (n) of at least 2.4. 

[001 1 ] Also when the aluminum flake pigment disclosed in either gazette is employed, however, the requirement for 
45 an aluminum flake pigment having a small mean particle size as well as high brightness is not yet sufficiently satisfied. 

Disclosure of the Invention 

[0012] On the basis of the aforementioned present circumstances, an object of the present invention is to provide 
50 an aluminum flake pigment having a small mean particle size as well as high brightness and a method of manufacturing 
the same. 

[0013] Another object of the present invention is to provide grinding media used for the said manufacturing method. 
[0014] In order to attain the aforementioned objects, the inventors have minutely studied the relation between the 
shape, the surface smoothness, the mean particle size, the particle size distribution, the average thickness, the thick- 
55 ness distribution, the aspect ratio etc. of an aluminum fiake pigment and the brightness of a paint film containing this 
aluminum flake pigment. Consequently, the inventors have found that a principle factor reducing the brightness of the 
paint film is the presence of insufficiently flaked fine aluminum particles. 

[0015] In other words, the inventors have found that the brightness is reduced if insufficiently flaked fine aluminum 
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particles are present, also when using an aluminum flake pigment having sharp particle size distribution by adjusting 
the mean particle size or the aspect ratio of the aluminum flake pigment in a constant range or regulating the uniformity 
index (n) by a Rosin-Rammler diagram. 

[001 6] Therefore, the inventors have made deep consideration on the basis of the aforementioned fact to reach such 

5 an idea that the insufficiently flaked fine aluminum particles inevitably remaining in the generally known method of 
manufacturing an aluminum flake pigment may be further flaked in order to solve the aforementioned problem, and 
made deep studies. Consequently, the inventors have found that the insufficiently flaked fine aluminum particles can 
be further flaked by flaking aluminum powder in an organic solvent with a grinder having grinding media having a 
specific material, a specific shape and a specific diameter. 

10 [0017] The inventors have further found that the effect of flaking the fine aluminum particles can be further increased 
by flaking aluminum powder having a specific mean particle size under specific grinding conditions. 
[0018] In other words, the present invention is directed to a method of manufacturing an aluminum flake pigment 
including a step of flaking aluminum powder in an organic solvent with a grinder having grinding media, while the 
grinding media contain steel ball grinding media formed by spherical media consisting of a material including steel and 

15 having diameters in the range of 0.3 mm to 1 .0 mm. 

[0019] The mean particle size (050^) of this aluminum powder is preferably in the range of 1 .0 to 10.0 urn, and 
particularly preferably in the range of 1 .0 to 6.0 um Further, the ratio (D50 a/Db) of the mean particle size (DSO^ of 
this aluminum powder to the average diameter (D B ) of these steel ball grinding media is preferably in the range of 
0.001 to 0.02, and particularly preferably in the range of 0.0015 to 0.008. In addition, the ratio (Wy^/W^) of the mass 

20 (W/yfkg)) of this aluminum powder to the volume (W^, (L)) of this organic solvent is preferably in the range of 0.1 to 0.3. 
[0020] This grinder is preferably a ball mill. Further, the rotational frequency of this ball mill is preferably not more 
than 95 % of the critical rotational frequency. 

[0021] The present invention further includes an aluminum flake pigment manufactured by the aforementioned meth- 
od of manufacturing an aluminum flake pigment. 
25 [0022] Further, the present invention includes an aluminum flake pigment exhibiting a mean aspect ratio of aluminum 
flake particles having diameters of not more than 1 0 u/n in the range of 8 to 20 among aluminum flake particles contained 
in this aluminum flake pigment. In addition, this mean aspect ratio is further preferably in the range of 9 to 1 5 in particular. 
The mean particle size of these aluminum flake particles contained in the aluminum flake pigment is preferably in the 
range of 3 to 20 urn 

30 [0023] Further, such an aluminum flake pigment can be manufactured by a method of manufacturing an aluminum 
flake pigment including a step of flaking aluminum powder in an organic solvent with a grinder having grinding media 
containing steel ball grinding media formed by spherical media consisting of a material including steel and having 
diameters in the range of 0.3 mm to 1 .0 mm, for example. 

[0024] In addition, the present invention includes steel ball grinding media formed by spherical media consisting of 
35 a material including steel and having diameters in the range of 0.3 mm to 1 .0 mm. 

Brief Description of the Drawing 

[0025] Fig. 1 is a graph showing the relation between mean particle sizes of inventive aluminum flake pigments and 
40 brightness of paint films containing these aluminum flake pigments. 

Best Mode for Carrying Out the Invention 

[0026] The present invention is now described in further detail by showing an embodiment. 
45 [0027] The present invention is directed to a method of manufacturing an aluminum flake pigment including a step 
of flaking aluminum powder in an organic solvent with a grinder having grinding media, while the grinding media contain 
steel ball grinding media formed by spherical media consisting of a material including steel and having diameters in 
the range of 0.3 mm to 1 .0 mm. 

50 <Material, Shape and Diameter of Grinding Media> 

[0028] The grinding media employed in the present invention must contain steel ball grinding media formed by spher- 
ical media consisting of a material including steel and having diameters in the range of 0.3 mm to 1 .0 mm, in consid- 
eration of specific gravity and economy. However, the said steel ball grinding media formed by spherical media may 
55 not be true spherical media but may be substantially spherical media. The said grinding media particularty preferably 
contain steel ball grinding media having diameters in the range of 0.5 to 0.8 mm. 

[0029] In order to f lakily grind (referred to as flake in this specification) fine aluminum powder, ft is effective to reduce 
the diameters of the grinding media to the range of 0.3 mm to 1 .0 mm. If grinding media having diameters exceeding 
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1 .0 mm occupy most part, the fine aluminum powder is trapped between the grinding media and this aluminum powder 
is hardly ground and not efficiently flaked. If grinding media having diameters of less than 0.3 mm occupy most part, 
on the other hand, the weight of the steel ball grinding media is so small that grinding force is deteriorated, the grinding 
time is too long and the aluminum powder cannot be substantially ground. 
5 [0030] At least two types of grinding media having different diameters may be mixed with each other for preparing 
the said grinding media. The grinder employed in the present invention may include grinding media having diameters 
exceeding 1.0 mm. In other words, it is important in the inventive manufacturing method to flake aluminum powder 
with grinding media containing grinding media having diameters of 0.3 to 1 .0 mm. The quantity of the grinding media 
having diameters of 0.3 to 1 .0 mm may be varied with the quantity of raw aluminum powder introduced into the grinder 

10 

<Mean Particle Size of Raw Aluminum Powder> 

[0031] The mean particle size (DSO^) of the raw aluminum powder employed in the present invention is preferably 
in the range of 1 .0 to 1 0.0 urn, and more preferably in the range of 1 .0 to 6.0 um. 

is [0032] If the mean particle size 050 M exceeds 1 0.0 um, the diameter of the ground aluminum flake pigment is so 
increased that the orientation of the aluminum flake pigment may be disarranged in formation of a paint film, the surface 
of the paint film may include seeding due to protrusion of aluminum flake pigment particles, and the paint film may 
excessively glitter to result in an unp referable design depending on the application. If the mean particle size DSO^ is 
less than 1 0.0 um, on the other hand, there is such a tendency that the aluminum powder cannot be efficiently flaked 

20 and sufficient film brightness cannot attained also when containing grinding media having diameters in the range of 
0.3 to 1 .0 mm. 

<Ratio of Mean Particle Size of Raw Aluminum Powder to Diameter of Grinding Media> 

25 [0033] In the manufacturing method according to the present invention, the ratio (D50 a/Db) of the mean particle size 
(D50^j) of the raw aluminum powder to the average diameter (D B ) of the steel ball grinding media is preferably in the 
range of 0.001 to 0.02, and more preferably in the ratio of 0.0015 to 0.008. When the value of the ratio DS0fJD B is in 
the said range, the effect of flaking fine aluminum powder is further increased. 

[0034] if the value of the ratio DSOfJD^ is less than 0.001 , gaps between the steel ball grinding media are excessively 
30 large as compared with the raw aluminum powder and hence there is such a tendency that the raw aluminum powder 
is hardly efficiently flaked. If the value of the ratio OS0u/D B exceeds 0.02, on the other hand, the steel ball grinding 
media are so excessively small for the raw aluminum powder that the raw aluminum powder cannot be efficiently 
ground due to insufficient grinding force correlative with the mass of each grinding medium, and there is such a tendency 
that unf laked fine powder of aluminum remains to reduce the brightness of the paint film. 

35 

<Ratio of Mass of Raw Aluminum Powder to Volume of Organic Solvent> 

[0035] In the manufacturing method according to the present invention, the ratio O^y/W^,) of tne mass (W/u ( k 9)) 
of the raw aluminum powder to the volume (W^ (L)) of the organic solvent is preferably in the range of 0.1 to 0.3, and 
40 more preferably in the range of 0.1 4 to 0.20. If the value of the ratio W^y/W^, is less than 0.1 , the raw aluminum powder 
migrates due to reduction of slurry viscosity in grinding, and there is such a tendency that the raw aluminum powder 
cannot be uniformly ground. If the value of the ratio W^W^ exceeds 0.3, on the other hand, the viscosity of the slurry 
in grinding is so excessively increased that movement of the grinding media is suppressed , and there is such a tendency 
that the raw aluminum powder cannot be uniformly flaked. 

45 

<Rotational Frequency of Ball Mill Used as Grinder> 

[0036] In the manufacturing method according to the present invention, the type of the grinder is not particularly 
limited but a generally known grinder can be preferably used, while an attriter-type grinder comprising a rotating arm 
50 therein or a cylindrical ball mill can be preferably employed, for example. Among such grinders, it is particularly pref- 
erable to employ the cylindrical ball mill in consideration of the quality and productivity. 

[0037] When employing a ball mill in the manufacturing method according to the present invention, the rotational 
frequency of the ball mill is preferably set to not more than 95 % of the critical rotational frequency. The term "critical 
rotational frequency", denoting such a frequency level that balls are centrif ugally fixed to the inner wall of the ball mill 
55 if the rotational frequency exceeds this level, is expressed in the following equation (1 ): 
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n=1/(2*)x(g/r) 1/2 (1) 

(In the equation (1), n represents the rotational frequency (rpm), a, represents gravitational acceleration (3,528,000 

5 cm/min 2 ) and r represents the radius (cm) of the ball mill). 

[0038] If the rotational frequency of the ball mill exceeds 95 % of the critical rotational frequency, a pulverizing effect 
is so increased among grinding effects that sufficient flaking cannot be attained but large flake particles are parted into 
uttrafine particles, and hence there is such a tendency that the brightness of the paint film is reduced. If the rotational 
frequency of the bail mill approaches the critical rotational frequency, impact force resulting from collision of the grinding 

10 media is increased, and there is such a tendency that the lives of the grinding media are reduced to result in difficulty 
of continuous use. This is because steel bails of not more than 1 mm in diameter are generally formed with no hardened 
films on the surfaces thereof. It is possible to elongate the lives of the grinding media by keeping the rotational frequency 
of the ball mill not more than 95 % of the critical rotational frequency. 

15 <Aspect Ratio of Fine Aluminum Rake Pigment> 

[0039] In the aluminum flake pigment according to the present invention, the mean aspect ratio of aluminum flake 
particles having diameters of not more than 10 urn contained in the aluminum flake pigment is preferably at least 8. 
This mean aspect ratio of the aluminum flake particles is more preferably at least 9. If this mean aspect ratio is less 
20 than 8, fine aluminum flake particles are so insufficiently flaked that the paint film is consequently rendered turbid and 
reduced in brightness, leading to an inferior design. 

[0040] This mean aspect ratio is preferably not more than 20, and more preferably not more than 15 in particular. If 
this mean aspect ratio exceeds 20, bending or breakage of the aluminum flake particles results in circulation for pre- 
paring a paint film, and there is such a tendency that the so-called circulation resistance is reduced. 
25 [0041 ] In the aforementioned method of manufacturing an aluminum flake pigment according to the present invention, 
the condition that the mean aspect ratio of aluminum flake particles having diameters of not more than 1 0 urn contained 
in the obtained aluminum flake pigment exceeds 8 is satisfied unless this manufacturing method is carried out under 
conditions damaging the effects of the present invention or a step damaging the effects of the present invention is 
added to this manufacturing method. 



30 



40 



50 



<Mean Particle Size of Aluminum Flake Pigment> 



[0042] The mean particle size of the aluminum flake pigment according to the present invention is preferably in the 
range of 3 to 20 jim, and more preferably in the range of 5 to 1 5 urn. 
35 [0043] There is such a tendency that the brightness of the paint film is insufficient if the mean particle size is less 
than 3 urn, while the sparkling effect of the paint film may be unpreferably excessively enhanced if the mean particle 
size exceeds 20 um. 



<Other Grinding Conditions 



[0044] In the manufacturing method according to the present invention, grinding is preferably performed under the 
presence of a grinding lubricant. While the grinding lubricant is not particularly limited but a generally known lubricant 
is usable, aliphatic acid such as oleic acid or stearic acid, aliphatic amine, aliphatic amide, aliphatic alcohol, an ester 
compound or the, like can be preferably used, for example. 
45 [0045] The said grinding lubricant has an effect of suppressing unnecessary oxidation on the surface of the aluminum 
flake pigment and improving the gloss. The content of the grinding lubricant in grinding is preferably in the range of 
0.1 to 20 parts by mass with respect to 100 parts by mass of the raw aluminum powder, and more preferably in the 
range of 0.5 to 10 parts by mass. The aluminum flake pigment may agglomerate to reduce the surface gloss of the 
aluminum flake pigment if the content of the grinding lubricant is less than 0,1 parts by mass, while the physical property 
of the paint may be reduced if the content of the grinding lubricant exceeds 20 parts by mass. 
[0046] In the manufacturing method according to the present invention, the ratio of the quantity of the raw aluminum 
powder to the quantity of the grinding media in grinding is preferably in the range of 20 to 200. The productivity is 
reduced if the said ratio is less than 20, while the grinding time is extremely elongated and the slurry viscosity is so 
excessively increased during grinding that the aluminum powder cannot be efficiently ground if the said ratio exceeds 
55 200. 

[0047] While the organic solvent in grinding is not particularly limited but a generally known organic solvent is usable 
in the manufacturing method according to the present invention, a hydrocarbon solvent such as a mineral spirit or a 
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solvent naphtha or an alcohol, ether or ester solvent can be used, for example. In general, a high-boiling hydrocarbon 
solvent is preferably used in consideration of a safety problem such as f lammabilrty to the solvent in grinding. 
[0048] White the present invention is now described in more detail with reference to Examples, the present invention 
is not restricted to these Examples. 

5 

<Example 1> 

[0049] 40 kg of steel balls having diameters of 0.7 mm serving as grinding media, 800 g of raw aluminum powder 
having a mean particle size of 4.6 urn, 4 L of a mineral spirit serving as an organic solvent and 500 g of oleic acid 

10 serving as a grinding lubricant were introduced into a cylindrical ball mill of 500 mm in diameter and 1 80 mm in length 
respectively, and ground for 13 hours at a rotational frequency of 41 rpm (68 % of the critical rotational frequency). 
[0050] After termination of the grinding step, a slurry was washed out from the ball mill with the mineral spirit and 
successively passed through vibrating screens of 1 50 meshes, 350 meshes and 400 meshes so that the passed slurry 
was solid-liquid separated through a pan filter. The obtained filter cake (solid content 85 %) was thereafter introduced 

'5 into a kneader mixer and kneaded for 1 hour, to obtain an aluminum flake pigment (solid content: 80 %). 

< Examples 2 to 9 and Comparative Examples 1 to 5> 

[0051] Aluminum flake pigments were obtained by a method similar to that in Example 1 except the diameters of 
20 steel balls, the mean particle sizes and the applied quantities of used aluminum powder materials, the quantities of 
mineral spirits, the rotational frequencies and the grinding times. Tables 1 to 3 show the respective conditions. 



Table 1 
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30 



45 



50 





Symbol (unit) 


Example 1 


Example 2 


Example 3 


Example 4 


Manufacturing 
Conditions 


Raw 


W^kg) 


0.8 


0.8 


0.8 


0.8 


Aluminum 
Powder. 


DSO^fpjn) 


4.6 


3.6 


2.1 


1.2 




Mineral Spirit 


WscO) 


4.0 


5.6 


5.6 


5.6 




Rotational 
Frequency 


(rpm/ % vs. 

critical 
rotational 
frequency) 


41/68 


41/68 


41/68 


41/68 




Grinding 
Time 


(hours) 


13 


13 


13 


15 




Quantity of 
Steel Balls 


(kg) 


40 


40 


40 


40 




Diameter of 
Steel Balls 


D B (mm) D B 
(mm) 


0.7 0.7 


0.7 0.7 


0.7 0.7 


0.7 0.7 




DSOa/Dq 


0.0066 


0.0051 


0.0030 


0.0017 




Wa/WsoI 


0.200 


0.143 


0.143 


0.143 


Performance 
Evaluation 


Brightness of 
Paint Rim 


L15 


155.1 


150.0 


138.3 


120.2 




Mean 
Particle Size 
of Flakes 


(urn) 


13.1 


12.5 12.5 


7.8 


4.8 4. 




Mean Aspect Ratio of Particles 
of not more than 10 urn 


9.4 


9.2 


9.0 


8.1 




Sparkling Effect of Paint Rim 


unremarkable 


unremarkable 


unremarkable 


no 



55 
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Example 9 


0.8 


10.0 


CD 

id 


41/68 


o 

CM 


o 


LO 

d 


0.0200 


0.143 


160.7 


18.3 


o 

CO 


unremarkabi 
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Example 8 


CO 

d 


p 


CD 

id 


41/68 


CO 


o 


p 


0.0010 


0.143 


129.0 


CO 
CO 


GO 


o 
c 
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Example 7 ' 


iq 


CD 
CO 


OS 


41/68 


O 
CM 


o 


LO 

d 


0.0072 


0.300 


149.8 


CO 
CO 


O 
CD 


unremarkable 


20 


Example 6 


O.B 


O 


CD 

id 


41/68 


LO 


o 


LO 

d 


0.0020 


0.143 


119.6 


CM 


O 
CO 


o 
c 


25 


Example 5 


CO 
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O 
CD 


CD 

id 


41/68 


CO 


o 


p 


0.0060 


0.143 


158.3 


15.0 


a> 


unremarkable 


CM 
CO 

30 a 

35 


Symbol (unit) 


i 


E 

3. 
If) 

Q 


<-—>«. 


(rpm/ % vs. critical rotational 


frequency) 


(hours) 


(kg) 


E 

E 

CD 

Q 


CO 


o 

IS 


L15 




»s of not more than 1 0 urn 


of Paint Film 




























o 




40 
45 




Raw Aluminum Powder 


Mineral Spirit 


Rotational Frequency 


Grinding Time 


Quantity of Steel Balls 


Diameter of Steel Balls 


D50 




Brightness of Paint Film 


Mean Particle Size of Flakes 


Mean Aspect Ratio of Parti* 


Sparkling Effe* 


50 




ldttlons 




















uatlon 








55 




Manufacturing Cor 




















Performance Eval 
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5 



20 



35 



40 



45 



50 



Comparative 
Example 5 


103.2 


m 


id 


no 


Comparative 
Example 4 


140.1 


14.8 


CM 


slightly unremarkable 


Comparative 


o 

3) 

i 

a 


148.7 


20.1 


p 


strong 


Comparative 


M 
S> 
X 

3 


120.1 


CO 

o 


id 


unremarkable 


Comparative 
Example 1 


154.6 


20.5 


LO 
CO 


strong 


Symbol 
(unit) 


L15 


UJTl) 


Mean Aspect Ratio of 
Particles of not more 
than 10 ^m 


Sparkling Effect of Paint 
Film 






Brlghtnes 
8 of Paint 
Film 


Mean 
Particle 
Size of 
Flakes 




Performance 
Equation 
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Preparation of Paint Plate> 

[0052] 1 4.29 g of each of the aluminum flake pigments (metallic mass) obtained in Examples 1 to 9 and comparative 
examples 1 to 5 was added to 1 00 g of thinner, dispersed with a glass rod and stirred/separated for 15 minutes through 
5 a paint shaker along with 80 g of A322 (acrylic clear resin by DIC) and 1 6.66 g of L-1 1 7-60 (meiamine resin by DIC). 
The viscosity of the obtained paint composition was adjusted to 13.5 seconds in a ford cup with addition of thinner, to 
adjust a paint composition containing each ofthe aluminum flake pigments obtained in Examples 1 to 7 and comparative 
examples 1 to 5. 

[0053] 420 g of A345 (acrylic clear resin by DIC) and 1 65 g of L-1 1 7-60 (meiamine resin by DIC) were added to 228 
10 g of Solvesso 1 00 (aromatic solvent by Exxon Chemical), dispersed with a glass rod, and the viscosity of the mixture 
was thereafter adjusted to 20 seconds in a ford cut with further addition of Solvesso 100, to prepare a top coat. 
[0054] The said paint compositions containing the aluminum flake pigments obtained in Examples 1 to 9 and com- 
parative examples 1 to 5 were spread on steel plates with an automatic spray coating machine (model 310741 by FT. 
LAUDERDALE) under the following conditions of application: 

15 



[Conditions of Application] 


Traverse Dwell Time 


3 sec. 


Rash Time for the Same Gun 


18 sec. 


Traveling Speed of Gun 


1500 sec. 


Index Distance 


2 


Time for Gun Change from Base to Top Coat 


180 sec. 


Pass Frequency of the Same Paint (Base) 


4 passes 


Pass Frequency of the Same Paint (Top) 


4 passes 


Direction of Movement of Spray 


L-R-L 


Atomization Pressure 


4.0 kg /cm 2 


Discharge (Base) 


4 + 3/8R-OPEN 


Discharge (Top) 


Full Admission 


Pattern (Base and Top) 


2R-OPEN 



[0055] Thereafter the plates having the paint compositions applied thereto were stood still for 30 minutes, and sub- 
jected to first baking under conditions of a temperature of 80°C and a time of 5 minutes and second baking under 
conditions of a temperature of 140°C and a time of 25 minutes, to obtain paint plates containing the aluminum flake 
35 pigments obtained in Examples 1 to 9 and comparative examples 1 to 5 respectively. 

Performance Evaluation> 

[0056] The mean aspect ratios of aluminum flake particles having diameters of not more than 10 \im contained in 
40 the aluminum flake pigments obtained in Examples 1 to 9 and comparative examples 1 to 5 were measured. Further, 
L values ofthe said paint plates containing these aluminum flake pigments were measured with a varied angle color- 
imeter (MA-68 by X-Rite) at an incident angle of 45° and an offset angle of 15 ° from a specular direction, thereby 
evaluating the brightness of paint films. Sparkling effect of the paint films was also visually evaluated. Tables 1 to 3 
show the results. Fig. 1 shows the relation between the mean particle sizes of aluminum flake particles contained in 
45 these aluminum flake pigments and the L values. The brightness is increased as the L value is increased. 

[0057] Among the numerals in Tables 1 to 3, the mean particle sizes of the raw aluminum powder and the aluminum 
flake pigments were measured with a laser diffraction particle size distribution measurer (Microtrack HRA by Honeywell) 
under the following conditions: 

so (i) For Raw Aluminum Powder 

[0058] 0.5 g of the raw aluminum powder was mixed with 0.01 g of hexamethaphosphoric acid and the mixture was 
stirred with a glass rod, introduced into circulating water in a system of measurement and supersonicalty dispersed for 
2 minutes, for thereafter measuring the mean particle size. 

55 

(ii) For Aluminum Flake Pigment 

[0059] 0.5 g of aluminum paste, 1 .0 g of Triton x-1 00 (nonionic surface active agent by Union Carbide Corporation) 
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and 5.0 g of ethylene glycol were mixed with each other and the mixture was stirred with a glass rod, introduced into 
circulating water in a system of measurement and supersonically dispersed for 30 seconds, for thereafter measuring 
the mean particle size. 

[0060] The mean aspect ratio of aluminum flake particles having diameters of not more than 10 \im contained in 
5 each aluminum flake pigment was obtained by cutting the said paint plate into 1 .5 cm square and smoothly polishing 
the surface of a sample prepared by embedding the cut paint plate into epoxy resin to be perpendicular to the sample 
surface thereby preparing an observation sample and observing the states of aluminum flake particles in a section of 
a paint film with a digital HD microscope VH-7000 (by KEYENCE). (n other words, the thickness d and the major axis 
D of each particle were measured as to the observed flakes on a screen with Image-Pro PLUS ver. 4 (by MEDIA 
10 CYBERNETICS). 

[0061] At this time, the number of aluminum flake particles having major axes D of not more than 1 0 \im was set to 
at least 50, for calculating the individual aspect ratios (D/d) of all of the employed at least 50 aluminum flake particles 
and regarding the mean value thereof as the mean aspect ratio of the aluminum flake particles having diameters of 
not more than 10 jim contained in each aluminum flake pigment. 
15 [0062] While the major axes D observed from the section cannot necessarily be regarded as those expressing the 
individual major axes of the aluminum flake particles but the individual aspect ratios of the aluminum flake particles 
calculated on the basis thereof include more or less errors, the mean value of these individual aspect ratios was defined 
as the mean aspect ratio by setting the number of measurement to at least 50. 

[0063] As a result of the aforementioned evaluation, the paint films employing paints containing the aluminum flake 
20 pigments manufactured by the inventive manufacturing method are remarkably high in brightness at the same mean 
particle size as compared with comparative examples, and inhibited from sparkling effect in regions having low mean 
particle sizes. 

[0064] The embodiment and Examples disclosed this time are to be considered as illustrative and not restrictive in 
all points. The range of the present invention is indicated not by the above description but by the scope of claim for 
25 patent, and intended to include ail modifications within the meaning and range as the scope of claim for patent. 

Industrial Availability 

[0065] From the aforementioned evaluation results, the aluminum flake pigment according to the present invention, 
30 which is an aluminum flake pigment exhibiting high brightness also when the mean particle size is small and inhibited 
from sparkling effect in a region having a low mean particle size, can be regarded as an aluminum flake pigment 
extremely excellent in design property. 

[0066] Therefore, it is understood possible to further flake insufficiently flaked fine aluminum powder by employing 
a grinder having grinding media containing steel ball grinding media having diameters in the range of 0.3 mm to 1 .0 
35 mm in the method of manufacturing an aluminum flake pigment according to the present invention. Accordingly, it can 
be said that the method of manufacturing an aluminum flake pigment according to the present invention is a method 
of manufacturing an aluminum flake pigment capable of manufacturing an aluminum flake pigment having a small 
mean particle size as well as high brightness. 

[0067] Further, the steel ball grinding media according to the present invention are steel ball grinding media formed 
40 by spherical media consisting of a material including steel and having diameters in the range of 0.3 mm to 1 .0 mm, 
and hence it is possible to flake insufficiently flaked fine aluminum powder by employing the grinding media containing 
steel ball grinding media according to the present invention. Accordingly, it can be said that the steel bail grinding media 
according to the present invention are steel ball grinding media preferably usable when manufacturing an aluminum 
flake pigment having a small mean particle size as well as high brightness. 

45 

Claims 

1 . A method of manufacturing an aluminum flake pigment including a step of flaking aluminum powder in an organic 
so solvent with a grinder having grinding media, wherein said grinding media contain steel ball grinding media formed 

by spherical media consisting of a material including steel and having diameters in the range of 0.3 mm to 1 .0 mm. 

2. The method of manufacturing an aluminum flake pigment according to claim 1 , wherein the ratio (DSOa/Dq) of the 
mean particle size (DSO^) of said aluminum powder to the average diameter (Dg) of said steel ball grinding media 

55 is in the range of 0.001 to 0.02. 

3. The method of manufacturing an aluminum flake pigment according to claim 1 , wherein the ratio (D50 A) /D B ) of the 
mean particle size (DSO^) of said aluminum powder to the average diameter (Dg) of said steel bail grinding media 
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is in the range of 0.0015 to 0.008. 

4. The method of manufacturing an aluminum flake pigment according to claim 1 , wherein the mean particle size 
(DSOaj) of said aluminum powder is in the range of 1 .0 to 1 0.0 urn. 

5. The method of manufacturing an aluminum flake pigment according to claim 1, wherein the mean particle size 
(D50/U) of said aluminum powder is in the range of 1 .0 to 6.0 urn 

6. The method of manufacturing an aluminum flake pigment according to claim 1 , wherein the ratio (Wa/Wgo,) of the 
mass (W/y (kg)) of said aluminum powder to the volume (W M | (L)) of said organic solvent is in the range of 0.1 to 0.3. 

7. The method of manufacturing an aluminum flake pigment according to claim 1 , wherein said grinder is a ball mill. 

8. The method of manufacturing an aluminum flake pigment according to claim 7, wherein the rotational frequency 
of said bail mill is not more than 95 % of the critical rotational frequency. 

9. An aluminum flake pigment exhibiting a mean aspect ratio of aluminum flake particles having diameters of not 
more than 1 0 um in the range of 8 to 20 among aluminum flake particles contained in said aluminum flake pigment. 

10. The aluminum flake pigment according to claim 9, wherein the mean particle size of said aluminum flake particles 
is in the range of 3 to 20 um. 

1 1 . The aluminum flake pigment according to claim 9, manufactured by a method of manufacturing an aluminum flake 
pigment including a step of flaking aluminum powder in an organic solvent with a grinder having grinding media 
containing steel ball grinding media formed by spherical media consisting of a material including steel and having 
diameters in the range of 0.3 mm to 1 .0 mm. 

12. Steel ball grinding media formed by spherical media consisting of a material including steel and having diameters 
in the range of 0.3 mm to 1 .0 mm. 
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